2 Charged Aerosol Detection and Evaporative Light Scattering Detection -Fundamental Differences Affecting Analytical Performance Overview Purpose: To evaluate and compare the analytical performance of charged aerosol and evaporative light scattering detection.
Introduction
At a fundamental level, both CAD and ELSD share some similarities in that mobile phase exiting the column is first nebulized and then dried to form analyte particles.
Where the coefficient a rep represents the shape of the the coefficient "a" is the slop (e.g., related to molar absor response is non-linear. In th as a function of analyte amo p g y p However, the mechanism by which these techniques measure analyte mass differ markedly and this has major impact on analytical performance. In CAD, charged particles are measured by an electrometer generating a signal that is proportional to particle size (i.e., the mass of analyte). For ELSD, signal is also proportional to particle size, but this relationship is much more complex, as the magnitude of scattered light as a function of analyte amo
The response for LC-aeroso The value of b results prima evaporation, which is comm particular dried aerosol dete varies depending on particle size, resulting in sigmoidal response curves. Unlike CAD, ELSD uses non-contiguous signal attenuation. As each attenuation setting has its own unique sensitivity, response, calibration curve and dynamic range, samples may have to be reanalyzed multiple times in order to quantify analytes occurring at different levels. In this poster the analytical performance of CAD and ELSD are evaluated and p The relationship that describ Where D is the dried aeroso include: sensitivity, dynamic range, inter-analyte response, linearity, reproducibility and the effects of mobile phase flow rate.
Methods

Liquid Chromatography
aerosol droplet of diameter D non-linear 'cube root' relatio exponent is further modified in equation 1 above.
Thermo Scientific ™ Dionex ™ UltiMate ™ 3000 RSLC system with:
•Thermo Scientific ™ Dionex ™ Corona™ Veo Charged Aerosol Detector •Sedex 90LT ™ Evaporative Light Scattering Detector
Data Analysis
In the case of ELSD, the dri different light scattering dom (Q ) is dependent upon the p ata a ys s Thermo Scientific ™ Dionex ™ Chromeleon ™ Chromatography Data System (CDS) 7.2
Reagents:
Reagent-grade or better
Linear and Dynamic Range:
The three scattering domain from equation 1 (i.e., includi (1) S = aM b
Where the coefficient "a" represents the response intensity and the exponent "b"
Response Major response err similarities in that mobile to form analyte particles.
Where the coefficient a represents the response intensity and the exponent b represents the shape of the response curve. When "b" = 1.00, the response is linear and the coefficient "a" is the slope of the line, which is often referred to as the response factor (e.g., related to molar absorbtivity with a UV detector). When "b" ≠ 1 the detector response is non-linear. In this case, the response factor can be thought of as changing as a function of analyte amount
Mass on C y p sure analyte mass differ ance. In CAD, charged ignal that is proportional to is also proportional to particle agnitude of scattered light as a function of analyte amount.
The response for LC-aerosol detectors is typically observed to be non-linear (i.e., b ≠1). The value of b results primarily from two processes. The first is related to nebulizationevaporation, which is common to all LC-aerosol detectors. The second is related to the particular dried aerosol detection technique (i.e., light scattering, aerosol charge).
Estimation Of LOD Or LOQ
While it is common practice to e quantification (LOQ) for a linear single high level standard, the s estimates derived this way are t 3 h th f hi h sponse curves. Unlike CAD, ttenuation setting has its own ic range, samples may have es occurring at different nd ELSD are evaluated and p q ( , g g, g ) The relationship that describes the nebulization-evaporation process is given by:
Where D is the dried aerosol particle diameter, C is solute concentration in the initial wet 3 shows the response of a high theophylline (non-volatile) by EL detectors for lower level standa detectors were assumed to be l detectors derived from running are very different from the extra , linearity, reproducibility and aerosol droplet of diameter D 0 and ρ is the solute density. The exponent (1/3) describes a non-linear 'cube root' relationship that is common to all LC-aerosol detectors. This exponent is further modified by the dried aerosol detection process to give the value of b in equation 1 above.
are very different from the extra
The only way to estimate the calibration curve. Often the re standard is used to imply tha other. Such a comparison is c with: erosol Detector
In the case of ELSD, the dried aerosol detection process involves changes between 3 different light scattering domains as particle size changes. The scattered light intensity (Q ) is dependent upon the particle diameter (D) and the light source wavelength (λ): Since detection efficiency changes between light scattering domains, the value of b for an ELSD actually changes quite dramatically (i.e., from 6/3 to 2/3) over a fairly small dynamic range. ELSD response curves are therefore typically quite complex and often sigmoidal as shown in Figure 1 . A major consequence of ELSD sigmoidal response is that the dynamic range is small and analyte signal rapidly decreases and completely disappears as the amount of analyte decreases. m CAD is also non-linear and shows a parabolic response curve ( Figure 2 ). As with ELSD, the shape of the response curve is partly a function of the 1/3 proportionality described above for the nebulization-evaporation process. In the case of CAD, dried aerosol detection is based on measurement of charge acquired through diffusional processes as a function of particle size. With CAD, the mean charge per particle has been shown to be Estimated LODs (Deri ELSD.
rse Gradient employed.
nearly linear (D 1.1 ) with dried particle diameter (D) over a wide range of D (10 -1000nm) and with a higher exponent for D <10nm. Importantly, the relationship between particle diameter and measured charge for CAD is much simpler than that of light scattering for ELSD. As a result, the value of b is relatively constant throughout the working range of the detector and is typically observed to be ca 2/3 for a wide range of conditions and l t The first is related to nebulizationctors. The second is related to the t scattering, aerosol charge).
Estimation Of LOD Or LOQ From Single High Level Calibrant
While it is common practice to estimate the limits of detection (LOD) or limits of quantification (LOQ) for a linear detector by extrapolation of signal to noise ratio from a single high level standard, the same cannot be done for non-linear detectors and any estimates derived this way are totally meaningless and misleading. For example, Figure  3 Figure 4 shows the response of the two detectors for lower level standards. Table 1 shows the extrapolated LOD obtained if the detectors were assumed to be linear. Table 1 The only way to estimate the LOD when response is non-linear is to construct a calibration curve. Often the response of the detector to a high concentration of standard is used to imply that the performance of one detector is superior to the other. Such a comparison is completely meaningless. ttering domains, the value of b for an 6/3 to 2/3) over a fairly small dynamic y quite complex and often sigmoidal
Inter-analyte Respons
The ability to obtain unifo detectors and requires tha been shown to be little aff nse curve ( Figure 2) . As with ELSD, f the 1/3 proportionality described he case of CAD, dried aerosol red through diffusional processes as ge per particle has been shown to be er a wide range of D (10 -1000nm) y, the relationship between particle pler than that of light scattering for nt throughout the working range of r a wide range of conditions and required in many studies library management and l 3. Dynamic Range CAD has a wide dynamic range of about 4 orders of magnitude. This is important when trying to measure low levels of an analyte in the presence of another at a much higher level (e.g., for impurity testing). This can be readily accomplished without having to reanalyze the sample at different gain ranges ELSD is very different Rather FIGURE 2. Typical CAD parabolic response curve.
having to reanalyze the sample at different gain ranges. ELSD is very different. Rather than using contiguous gain ranges, the performance of the photomultiplier tube is attenuated. Each attenuation setting has its own unique sensitivity, noise, required filter setting, dynamic range and response saturation, as shown in Table 2 and Figure  5 . The upshot of this is that any attenuation setting only has a dynamic range of 2 or so orders of magnitude. In order to cover the range required for impurity testing, Response [mV] EL so orders of magnitude. In order to cover the range required for impurity testing, samples need to be reanalyzed using at least two different attenuations. This can be time consuming. 
CA
Level Calibrant f detection (LOD) or limits of olation of signal to noise ratio from a e for non-linear detectors and any and misleading. For example, Figure  ff i ( i l til ) d Table   Analyte uming linear performance.
Precision
se is non-linear is to construct a ector to a high concentration of of one detector is superior to the gless. typically shows an inter-analyte response across a broad range of compounds on the order of <11% (see Figure 6 for flow injection analysis of different analytes). Figure 7 shows the separation of six compounds using gradient chromatography with measurement by CAD and ELSD. An inverse gradient make-up flow was used to address any issues with nebulization efficiency. The corresponding normalized response ariabilit (Fig re 8) (Figure 8 ) indicates higher inter-analyte response variability with ELSD. This may be related to differences in physiochemical characteristics that affect light absorption, refraction and reflection and also to the higher complexity and imprecision of light scattering response. This can severely limit the ability to obtain accurate estimation of analyte quantity in the absence of authentic standards as is required in many studies such as in mass balance impurity determination compound CAD signal rapidly decre decreases.
 CAD performs bett wide dynamic rang much less by an an required in many studies such as in mass balance, impurity determination, compound library management and lipid class analysis. Table 3 shows the area precision for six analytes (n=7). CAD has superior performance for measurement of both low and high level standards. At Different Attenuations (Attn).
Attn 8
Flow Rate
The charged aerosol detector uses a single nebulizer to handle flow rates from 0.1 to 2 0 mL/min The evaporative light scattering detector required different nebulizers to 2.0 mL/min. The evaporative light scattering detector required different nebulizers to achieve a similar flow rate range (Table 4) .  Both CAD and ELSD are non-linear. LODs cannot be extrapolated from the response of high levels of analyte but can only be determined through the generation of calibration curves.
 The sigmoidal response of ELSD results in a small dynamic range. The analyte i l idl d d l t l di th t f l t analyte response variability with hemical characteristics that affect the higher complexity and verely limit the ability to obtain e of authentic standards as is mpurity determination compound signal rapidly decreases and completely disappears as the amount of analyte decreases.
 CAD performs better for the measurement of low levels of analytes, and has a wide dynamic range of four orders of magnitude. Furthermore, CAD is affected much less by an analyte's physicochemical properties.
mpurity determination, compound
With Flow Injection Analysis.
mong non-volatile analytes y y p y p p  CAD uses a single nebulizer to address a wide flow rate range. ELSD requires multiple nebulizers adding to expense and downtime.
